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SUMMARY 

A wind-tunnel i n v e s t i g a t i o n  of t h e  NASA SC(2)-0012 a i r f o i l  has  been conducted 
i n  the  Langley 0.3-Meter Transonic Cryogenic Tunnel. This s u p e r c r i t i c a l  a i r f o i l  sec- 
t i o n  i s  1 2  pe rcen t  t h i c k  and symmetrical. This i n v e s t i g a t i o n  supplements t h e  two- 
dimensional a i r f o i l  s t u d i e s  of t he  Advanced Technology A i r f o i l  T e s t  program. Tests 
w e r e  conducted a t  var ious combinations of s t agna t ion  temperature and pressure to  
cover a Mach number range from 0.60 t o  0.84 and a Reynolds number range from 6 t o  
40 x 106 based on a 6.0-in. (15.24-cm) a i r f o i l  chord. The ang le  o f  a t t a c k  w a s  
v a r i e d  from -4.0' to  4.5'. 

1 

N o  co r rec t ions  f o r  wind-tunnel w a l l  i n t e r f e rence  have been made t o  the  da t a .  
The aerodynamic r e s u l t s  are presented as pressure d i s t r i b u t i o n s  and i n t e g r a t e d  f o r c e  I and moment c o e f f i c i e n t s  without  any ana lys i s .  

I INTRODUCTION 
I 

The National Aeronautics and Space Administration (NASA) has conducted a system- 
a t i c  study of well-known conventional airfoils and advanced technology a i r f o i l s  over  
a wide range o f  Reynolds number. This s tudy,  descr ibed i n  d e t a i l  i n  r e fe rence  1 and 
r e f e r r e d  t o  as t h e  Advanced Technology A i r f o i l  Tests (ATAT) program, w a s  c a r r i e d  o u t  
i n  t h e  Langley 0.3-Meter Transonic Cryogenic Tunnel (0.3-m TCT) .  The program w a s  
divided i n t o  t w o  phases: a c o r r e l a t i o n  phase involving conventional and advanced 
a i r f o i l s  t e s t e d  i n  o t h e r  f a c i l i t i e s  and an advanced technology phase involving new 

t o  expand t h e  a i r f o i l  d a t a  base a t  high Reynolds numbers. 
' a i r f o i l s  without  a s i g n i f i c a n t  d a t a  base. One of  t h e  o b j e c t i v e s  o f  t h e  program w a s  

One of t h e  a i r foi ls  t e s t e d  i n  t h e  c o r r e l a t i o n  phase of t h e  ATAT program w a s  part  
of  a family of s u p e r c r i t i c a l  a i r f o i l s  developed by NASA. Details of  t h e  des ign  phi- 
losophy used to  develop t h e  family of  a i r f o i l s  are presented i n  r e fe rence  2 .  This 
a i r f o i l  w a s  designed f o r  a p p l i c a t i o n  t o  a transport-type a i r p l a n e  wing, and t h e  
r e s u l t s  are presented i n  r e fe rence  3 .  The family a l s o  included a symmetric super- 
c r i t i c a l  a i r f o i l  f o r  n o n l i f t i n g  app l i ca t ions  such as t h e  v e r t i c a l  t a i l  on a 
t ransport- type a i rp l ane .  A model of t h i s  a i r f o i l  w a s  b u i l t  to  demonstrate a novel 
model f a b r i c a t i o n  technique descr ibed i n  reference 4. This model w a s  t e s t e d  i n  the 
0.3-m TCT t o  determine i f  t h e r e  were any l i m i t a t i o n s  a s s o c i a t e d  with t h e  f a b r i c a t i o n  
technique when t h e  model w a s  sub jec t ed  t o  load a t  cryogenic temperatures.  The 
r e s u l t s  would add high Reynolds number d a t a  fo r  a symmetric s u p e r c r i t i c a l  a i r f o i l  to  
t h e  ATAT a i r f o i l  da t a  base of  cambered s u p e r c r i t i c a l  a i r f o i l s .  

The model tests of t h e  symmetric s u p e r c r i t i c a l  a i r f o i l  w e r e  conducted i n  t h e  
8-in. by 24-in. (20-cm by 60-cm) two-dimensional t e s t  s e c t i o n  of  t h e  0.3-m TCT. 
Reference 5 desc r ibes  t h e  ope ra t ing  c h a r a c t e r i s t i c s  and ope ra t ing  envelope of  t he  
tunnel .  T e s t s  were conducted a t  var ious combinations o f  s t a g n a t i o n  temperature and 
pressure t o  cover a Mach number range from 0.60 t o  0.84 and a Reynolds number range 
f r o m  6 t o  40 X l o 6  based on t h e  a i r f o i l  chord. In t eg ra t ed  f o r c e s  and moments and a 
summary o f  t h e  a i r f o i l  chordwise p re s su re  d i s t r i b u t i o n s  are presented a t  selected 
values  of  Mach number and Reynolds number without a n a l y s i s .  



SYMBOLS 

The measurements and c a l c u l a t i o n s  w e r e  made i n  U.S. Customary Units.  These 
measurements have been converted t o  t h e  I n t e r n a t i o n a l  System o f  Units ( S I )  which are 
shown i n  parentheses.  
reference 6.  

Fac to r s  r e l a t i n g  t h e  t w o  systems of  u n i t s  are presented i n  

b model span, 8.0 i n .  (20.32 c m )  

s ec t ion  drag c o e f f i c i e n t  measured on tunnel  c e n t e r l i n e ,  p o s i t i v e  downstream ‘d 

sect ion p i t c h i n g  moment, resolved about quarter-chord p o i n t ,  p o s i t i v e  
nose up 

cm 
sec t ion  normal-force c o e f f i c i e n t ,  p o s i t i v e  i n  z -d i r ec t ion  Cn 

loca l  p re s su re  c o e f f i c i e n t  cP 

C model chord, 6.0 i n .  (15.24 an) 

M, f ree-s tream Mach number 

free-stream Reynolds number based on model chord RC 

X chordwise p o s i t i o n  from l ead ing  edge of  model ( p o s i t i v e  a f t )  , i n .  ( c m )  

Y spanwise p o s i t i o n  on model from c e n t e r l i n e  ( p o s i t i v e  t o  r i g h t  looking 
upstream), i n .  ( c m )  

z v e r t i c a l  d i s t a n c e  from model chord plane ( p o s i t i v e  measured u p ) ,  i n .  ( c m )  

a sec t ion  geometric angle  o f  a t t a c k  ( p o s i t i v e  l ead ing  edge u p ) ,  deg 

OM standard dev ia t ion  i n  Mach number during a d a t a  recording 

OR standard dev ia t ion  i n  Reynolds number during a d a t a  recording 

WIND TUNNEL AND MODEL 

Wind Tunnel 

The tes ts  were conducted i n  t h e  8-in. by 24-in. (20-cm by 60-cm) two-dimensional, 
s lo t t ed -wa l l  t e s t  s e c t i o n  of t h e  0.3-m TCT. A schematic diagram of t h e  tunnel  show- 
ing  t h e  various components is presented i n  f i g u r e  1. A photograph of t h e  tunne l  i s  
presented i n  f igure 2. The 0.3-m TCT is a continuous-operation, fan-driven, cryo- 
genic p re s su re  tunnel t h a t  uses  gaseous n i t rogen  as a tes t  medium. The tunnel  is 
capable of  operating a t  s t a g n a t i o n  temperatures from j u s t  above t h e  b o i l i n g  p o i n t  of  
l i q u i d  nitrogen (LN2) ,  approximately 80 K,  t o  j u s t  above room temperature,  approxi- 
mately 327 K,  and a t  s t agna t ion  p res su res  from 1 . 2  t o  6.0 a t m .  The t e s t - s e c t i o n  Mach 
number has been c a l i b r a t e d  f r o m  0.20 t o  about 0.92. This combination of  t e s t  condi- 
t i o n s  provides Reynolds numbers up t o  55 X l o 6  based on a model chord of  6.0 i n .  
(15.24 c m ) .  Additional d e t a i l s  about t h e  tunnel  may be found i n  r e fe rence  5. 
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A photograph of  a model i n  t h e  test sec t ion  i s  p resen ted  i n  f i g u r e  3. The top 
o f  t h e  plenum and t h e  t e s t - s e c t i o n  t o p  w a l l  ( c e i l i n g )  have been removed to  show t h e  
model i n s t a l l a t i o n .  The two-dimensional test s e c t i o n  has s o l i d  s idewa l l s  and a 
s l o t t e d  t o p  w a l l  ( c e i l i n g )  and bottom w a l l  ( f loor) .  There are t w o  s l o t s  i n  the t o p  
and bottom s l o t t e d  w a l l s  wi th  p re s su re  o r i f i c e s  loca t ed  on t h e  c e n t e r l i n e  on t h e  s l a t  
between t h e  slots.  A photograph of t h e  model mounted between t h e  t u r n t a b l e s  j u s t  
prior to i n s t a l l a t i o n  i n  t h e  t e s t  s e c t i o n  i s  presented i n  f i g u r e  4, and a sketch of 
t h e  t e s t  s e c t i o n  i s  presented i n  f i g u r e  5. 

A computer-driven mechanism c o n t r o l s  the angular  p o s i t i o n  of the t u r n t a b l e s  t o  
set  the angle  o f  attack (AOA). The mechanism has a t r a v e r s i n g  range from - 2 O O  t o  
20°, which can be o f f s e t  from 0' i n  e i t h e r  d i r e c t i o n  during t h e  model i n s t a l l a t i o n .  
I t  is d r i v e n  by an e lec t r ic  s t eppe r  motor, which is  connected through a yoke t o  t h e  
per imeter  o f  both t u r n t a b l e s .  This arrangement d r i v e s  both ends of  t h e  model through 
t h e  angle-of-attack range t o  e l imina te  possible  model tw i s t ing .  The angular  p o s i t i o n  
of  t h e  t u r n t a b l e s  and, t he re fo re ,  t he  geometric angle  of a t t a c k  o f  t h e  model are 
recorded using t h e  ou tpu t  of a d i g i t a l  s h a f t  encoder t h a t  is geared t o  one of  t h e  
t u r n t a b l e s .  

A computer-controlled survey mechanism t r ave r ses  a momentum rake v e r t i c a l l y  t o  
measure t h e  t o t a l  pressure loss i n  t h e  model wake. The mechanism provides two mount- 
i n g  l o c a t i o n s  on t h e  l e f t  s idewa l l  f o r  t h e  rake: e i t h e r  a t  t unne l  s t a t i o n  8.3 i n .  
(21.0 c m )  or a t  10.2 i n .  (26.0 cm). For t h i s  tes t ,  t h e  wake survey measurements were 
made a t  t h e  rear s t a t i o n ,  which placed t h e  measurement p l ane  about 1 . 2  chord l eng ths  
downstream o f  t h e  a i r f o i l  t r a i l i n g  edge. The survey mechanism is  d r iven  by an elec- 
t r i c  s t eppe r  motor and i s  designed to  t r a n s l a t e  t h e  rake a t  speeds f r o m  about 
0 .1  in/sec (0.25 cm/sec) t o  about  6 in / sec  (15 cm/sec). It has a t o t a l  t r a v e r s i n g  
range o f  10 in .  (25.4 c m ) .  The s t r o k e  ( t h a t  p o r t i o n  of t h e  t o t a l  t r a v e r s i n g  range 
used i n  a given su rvey) ,  t h e  number of points  i n  a survey, t h e  number of  samples a t  
each p o i n t  i n  t h e  survey, and t h e  speed of t h e  survey mechanism can be c o n t r o l l e d  by 
t h e  ope ra to r  i n  t h e  control r o o m  t o  m e e t  the r e sea rch  requirements.  The v e r t i c a l  
p o s i t i o n  of t h e  rake is recorded using t h e  output f r o m  a d i g i t a l  s h a f t  encoder geared 
t o  t h e  survey mechanism. 

The momentum rake has nine t o t a l  pressure probes as shown i n  f i g u r e  6. The s i x  
a c t i v e  probes used i n  t h i s  t es t  were located a t  t h e  fol lowing spanwise s t a t i o n s :  
y/(b/2) = 0 ( c e n t e r l i n e ) ,  -0.125, -0.250, -0.375, -0.500, and -0.750. 

Model 

The model used i n  t h i s  t e s t  w a s  a 12-percent-thick, symmetric, advanced tech- 
nology s u p e r c r i t i c a l  a i r f o i l  designed by NASA f o r  a Reynolds number of  30 X l o6 .  
The model chord is  6.0 i n .  (15.24 c m ) .  The design and measured model o r d i n a t e s  are 
presented i n  table I. I t  should be noted t h a t  the a i r f o i l  design technique w a s  
app l i ed  up t o  t h e  60-percent-chord s t a t i o n .  The r e s t  of t h e  a i r f o i l  w a s  def ined as 
a s t r a i g h t  l i n e  t o  t h e  t r a i l i n g  edge. 
descr ibed below; d e t a i l s  are a v a i l a b l e  i n  reference 4. 

The model w a s  f a b r i c a t e d  using a novel process  

The model w a s  designed as two mating halves wi th  channels routed i n t o  t h e  mating 

A photograph of the model a t  t h i s  s t a g e  i n  t h e  f a b r i c a t i o n  
s u r f a c e s  t o  provide a pa th  between tubing leading to  t h e  p re s su re  measurement system 
and t h e  p re s su re  o r i f i c e .  
is  shown i n  f i g u r e  7. A t  one end of t he  channel, t h e  p re s su re  o r i f i c e s  are pre- 
d r i l l e d  outward f r o m  t h e  mating s u r f a c e  a t  the proper ang le  t o  i n t e r s e c t  t h e  model 
s u r f a c e  a f t e r  t h e  f i n a l  machining. A t  t h e  opposite end, tubes are brazed i n  t o  form 
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a connection with t h e  wind-tunnel p re s su re  instrumentat ion system. The photograph 
a l s o  shows the channels matching on both s u r f a c e s  t o  form p res su re  o r i f i c e s  a t  t h e  
t r a i l i n g  edge. The fan-shaped channel configurat ions are t h e  t o p  and bottom leading- 
edge pressure o r i f i c e  rows. 

Af t e r  the machining on t h e  mating su r faces  i s  complete, t h e  two halves  of t h e  
model are assembled with brazing f o i l  between t h e  mating s u r f a c e s  and with t h e  con- 
nec to r  tubes in  place.  The model i s  then placed i n  a vacuum-brazing oven. Weights 
are placed on t h e  model t o  provide a moderate p re s su re  t o  fo rce  t h e  two pieces 
toge the r  as the brazing f o i l  m e l t s .  The model can then be rough machined and t h e  
i n t e g r i t y  of the p res su re  o r i f i c e s  v e r i f i e d  be fo re  t h e  f i n a l  machining is done. 

This f a b r i c a t i o n  process provided much freedom i n  s e l e c t i n g  t h e  l o c a t i o n  o f  t h e  
pressure o r i f i c e s .  The o r i f i c e s  w e r e  arranged as shown i n  f i g u r e  8. This r e p o r t  
p r e s e n t s  t h e  r e s u l t s  from t h e  chordwise rows s taggered near  t h e  c e n t e r l i n e  on t h e  
upper and lower su r faces .  
lower surface.  A l l  p r e s su re  o r i f ices  were 0.010 i n .  (0.25 mm) i n  diameter except f o r  
t h e  s h o r t  chordwise row o f  o r i f i c e s  t o  t h e  r i g h t  of  t h e  c e n t e r l i n e  which were 
0.005 i n .  (0.13 mm) i n  diameter. A l i s t i n g  of t h e  o r i f i c e  l o c a t i o n s  i s  presented 
i n  table 11. 

There were 25 orifices on t h e  upper s u r f a c e  and 27  on t h e  

TEST INSTRUMENTATION AND PROCEDURES 

T e s t  Instrumentat ion 

A de t a i l ed  d i scuss ion  of  t h e  instrumentat ion and procedures f o r  t h e  c a l i b r a t i o n  
and c o n t r o l  of t h e  0.3-m TCT can be found i n  r e fe rence  7. For two-dimensional air- 
f o i l  tes ts ,  the 0.3-m TCT is  equipped t o  o b t a i n  s t a t i c  p re s su re  measurements on t h e  
a i r f o i l  model su r face ,  t o t a l  p re s su re  measurements i n  t h e  model wake,  and s t a t i c  
p res su re  measurements on t h e  s idewa l l s ,  t op  w a l l ,  and bottom w a l l  of  t h e  t e s t  sect ion.  
Except f o r  the w a l l  p r e s su res ,  a l l  measurements use ind iv idua l  p re s su re  t ransducers .  

Tunnel t e s t  conditions.-  The tunnel  t e s t  condi t ions w e r e  determined by t h r e e  
primary measurements: t h e  t o t a l  p re s su re ,  t h e  s t a t i c  p res su re ,  and t h e  t o t a l  t e m -  
pe ra tu re .  The t o t a l  p re s su re  and s t a t i c  p res su re  w e r e  measured by ind iv idua l  q u a r t z  
d i f f e r e n t i a l  pressure t ransducers  referenced t o  a vacuum. The t ransducer  has a range 
from -100 t o  t100 p s i d  (-6.8 t o  +6.8 atm) . I t  has  an accuracy of  20.006 p s i d  
( t0.0004 atm) plus  20.012 percen t  of  t h e  p re s su re  reading. The s t a g n a t i o n  tempera- 
t u r e  w a s  measured by a platinum r e s i s t a n c e  thermometer. The analog ou tpu t  from t h e s e  
devices w a s  converted by i n d i v i d u a l  d i g i t a l  vol tmeters .  Fu r the r  d e t a i l s  o f  t h i s  
instrumentation are  presented i n  r e fe rence  7. 

A i r f o i l  model pressures . -  The p res su res  on t h e  a i r f o i l  model are measured by 
ind iv idua l  transducers connected by tubing t o  each o r i f i c e  on t h e  model. The t r ans -  
ducers are  of  a commercially a v a i l a b l e ,  high-precis ion,  var iable-capaci tance type.  
The maximum range of t hese  d i f f e r e n t i a l  t ransducers  is from -100 t o  +lo0  p s i d  
(-6.8 t o  +6.8 atm) with an accuracy of t0 .25 percen t  of t h e  reading from -25 t o  
+lo0 p e r c e n t  of f u l l  s c a l e .  They are loca ted  e x t e r n a l  t o  t h e  tunnel  and i t s  high- 
p re s su re  cryogenic environment, b u t  as c l o s e  as p o s s i b l e  t o  t h e  test  s e c t i o n  t o  
minimize t h e  tubing l eng th  and reduce t h e  response t i m e .  To provide increased accu- 
racy, t h e  transducers are mounted both on t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r  bases t o  
maintain a constant temperature and on "Shock" mounts t o  reduce p o s s i b l e  v i b r a t i o n  
e f f e c t s .  The e l e c t r i c a l  s i g n a l s  from t h e  t r ansduce r s  are connected t o  ind iv idua l  
s i g n a l  conditioners l oca t ed  i n  the  tunnel  c o n t r o l  room. The s i g n a l  cond i t ione r s  are 
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autoranging and have seven ranges a v a i l a b l e .  
b i l i t y ,  t h e  analog ou tpu t  t o  the  d a t a  acqu i s i t i on  system is  kept  a t  a high l e v e l  even 
though t h e  p re s su re  t ransducer  may be operat ing a t  t h e  low end of  i t s  range. 

A s  a r e s u l t  of t h e  autoranging capa- 

Wall pressures . -  The tunnel  floor and c e i l i n g  pressures  are measured us ing  a 
scaniva lve  system capable  of ope ra t ing  t e n  48-port scaniva lves .  Because of  t h e  
l a r g e  changes i n  t h e  p re s su re  of t h e  tunnel  over i ts  ope ra t iona l  range, t h e  same 
capaci tance- type p res su re  t ransducers  and autoranging s i g n a l  cond i t ione r s  descr ibed  
above are used i n  t h e  scaniva lve  i n s t e a d  of  t h e  more t y p i c a l  s t r a i n  gauge t ransducer .  
These p re s su res  a r e  normally used i n  t h e  w a l l  c o r r e c t i o n  procedure and a r e  no t  pre- 
sen ted  i n  t h i s  r e p o r t .  

Wake pressures . -  The t o t a l  p re s su re  loss i n  the model wake is  measured wi th  t h e  
momentum rake descr ibed  previously.  The pressure i n  each of t h e  s i x  ope ra t iona l  
tubes is measured wi th  t h e  same type  of pressure t ransducer  descr ibed  above. The 
s t a t i c  p re s su res  on t h e  r i g h t  s idewal l  a t  nine v e r t i c a l  p o s i t i o n s  a t  t h e  tunne l  sta- 
t i o n  oppos i te  t h e  momentum rake are measured with nine ind iv idua l  p re s su re  t r ans -  
ducers. The t ransducers  used a r e  of t h e  same capac i tance  type descr ibed  above b u t  
with a maximum range from -20 t o  +20 p s i d  (-1.36 to  +1.36 a t m ) .  

Procedures 

Figure 9 shows t h e  test  program (+ versus %) used i n  t h i s  i n v e s t i g a t i o n .  
For t h e s e  tests, no t r a n s i t i o n  s t r ip  w a s  placed on t h e  model because of t h e  high 
Reynolds number c a p a b i l i t y  of t h e  0.3-m TCT. The s e l e c t i o n  of tes t  cond i t ions  w a s  
made i n  an e f f o r t  to  ove r l ap  experimental  and t h e o r e t i c a l  work f o r  some of t h e  air-  
f o i l s  t e s t e d  i n  the  ATAT.program. 

The fol lowing procedure was used t o  se t  the  tes t  condi t ions .  The tunnel  to ta l  
p re s su re  and temperature and the  f a n  speed were s e t  f o r  t h e  d e s i r e d  Mach number and 
Reynolds number. The angle  of attack w a s  set for  near-zero model l i f t  and then  t h e  
d a t a  were recorded. The angle  of a t t a c k  w a s  then increased  t o  t h e  next  angle ,  t he  
tunnel  cond i t ions  were ad jus ted ,  and t h e  da t a  were recorded. I f  t h e  angle  exceeded 
the  des i r ed  value when s e t t i n g  the  angle  of  a t t ack ,  t he  angle  w a s  reduced w e l l  below 
the  d e s i r e d  angle  before  a t tempting t o  r e s e t  the  angle  again.  This  is  a s tandard  
t e s t i n g  technique t o  minimize t h e  p o s s i b i l i t y  of h y s t e r e s i s  e f f e c t s .  This process  
w a s  repea ted  up t o  t h e  maximum p o s i t i v e  angle of 4.5'. The angle  of  a t t a c k  w a s  then 
re turned  to  near-zero model l i f t  and t h e  process w a s  repeated for inc reas ing  negat ive  
angles  o f  a t t a c k .  

A t  t he  beginning of t h e  d a t a  record ing  process, t h e  computer surveys t h e  model 
wake and p r e s e n t s  t h e  r e s u l t s  g raph ica l ly  t o  the  ope ra to r .  The operator then chooses 
t h e  s t r o k e  ( t h e  upper and lower t r a v e r s i n g  l i m i t s )  f o r  t h i s  d a t a  p o i n t  so t h a t  about 
80 pe rcen t  of t h e  p o i n t s  are wi th in  t h e  wake. 
beginning o f  t h e  s t r o k e  near  t h e  c e i l i n g .  Twenty samples of t h e  a i r f o i l  s t a t i c  
p res su res ,  t h e  t e s t  condi t ions ,  t he  momentum rake t o t a l  p re s su res ,  t h e  wake s ta t ic  
pressures, and t h e  w a l l  p r e s su res  on t h e  scanivalve were recorded over a pe r iod  of 
1 sec .  Since t h e r e  were ind iv idua l  t ransducers  f o r  each o r i f i c e  on t h e  model, each 
sample c o n s i s t e d  of simultaneous s t a t i c  pressure readings from a l l  o r i f i c e s  on t h e  
model. These 20 samples were used t o  compute t h e  tes t  cond i t ions ,  t h e  normal fo rce ,  
and t h e  p i t c h i n g  moment. The wake survey mechanism w a s  synchronized with t h e  scani -  
va lves  so t h a t  t h e  rake w a s  moved t o  t h e  next v e r t i c a l  l o c a t i o n  when t h e  scaniva lves  
advanced t o  a new port. A f t e r  t h e  appropr ia te  s e t t l i n g  t i m e ,  another  20 samples were 
recorded a t  t h e  new rake  loca t ion .  This  procedure continued u n t i l  t he  scaniva lves  

The rake i s  then pos i t i oned  t o  the  
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completed t h e i r  s t epp ing  a t  which time t h e  rake continued t o  s t e p  a t  a predetermined 
r a t e  through the remaining po r t ion  of  t h e  wake. For t h i s  t es t ,  t he  number of  s t e p s  
wi th in  t h e  s t roke w a s  he ld  cons t an t  a t  50. 

DATA ACQUISITION,  REDUCTION, AND QUALITY 

Data Acquis i t ion  

Data were recorded on magnetic tape with a computer-controlled,  high-speed, 
d i g i t a l  d a t a  acqu i s i t i on  system loca ted  i n  t h e  c o n t r o l  room of t h e  0.3-m TCT. 
sys t em has  a t o t a l  of 192 analog channels wi th  8 s e l e c t a b l e  ranges from +4 t o  f131 m v  
and a r e so lu t ion  of 1 p a r t  i n  8191. I n  a d d i t i o n ,  t h e r e  are 16 d i g i t a l  i n p u t  channels.  
A l l  analog data were f i l t e r e d  with a 10-Hz low-pass f i l t e r .  An ope ra t ing  and acqui- 
s i t i o n  program is used by t h e  computer t o  scan  t h e  da t a  a c q u i s i t i o n  hardware and t o  
w r i t e  t h e  r a w  da t a  on tape.  

This 

Data Reduction 

The tes t  Mach number is  based on an average of t he  Mach number d i s t r i b u t i o n s  
measured on the t u r n t a b l e s  during the  c a l i b r a t i o n  of  t h e  "empty" tes t  section. 
Because the  tunnel ope ra t ing  envelope inc ludes  high p res su res  and low temperatures ,  
real-gas  e f f e c t s  are included i n  the  d a t a  reduct ion  f o r  t h e  tunnel  t e s t  condi t ions  
using the  thermodynamic p r o p e r t i e s  of n i t rogen  gas  c a l c u l a t e d  from t h e  Beat t ie -  
Bridgeman equation of s t a t e .  This equat ion of s ta te  has been shown i n  r e fe rence  8 t o  
g ive  e s s e n t i a l l y  t h e  same thermodynamic p r o p e r t i e s  and flow c a l c u l a t i o n  r e s u l t s  i n  
the  temperature-pressure regime of  t he  0.3-m TCT as those  given by t h e  m o r e  compli- 
ca ted  Jacobsen equat ion of state.  Deta i led  d i scuss ions  of  rea l -gas  e f f e c t s  when 
t e s t i n g  i n  cryogenic n i t rogen  a r e  contained i n  r e fe rences  9 and 10. 

Sec t ion  normal-force and pitching-moment c o e f f i c i e n t s  a r e  c a l c u l a t e d  using t h e  
f i r s t  20 samples from numerical i n t e g r a t i o n  (based on t h e  t r apezo ida l  method) of  t he  
l o c a l  s u r f a c e  pressure  c o e f f i c i e n t  measured a t  each o r i f i c e  m u l t i p l i e d  by an appro- 
p r i a t e  weighting f a c t o r  ( incremental  area).  

The sec t ion  drag c o e f f i c i e n t  is  c a l c u l a t e d  from t h e  wake survey p res su res  by 
f i r s t  computing an incremental  or p o i n t  drag c o e f f i c i e n t  by t h e  method of  r e f e r -  
ence 11 f o r  each rake tube p res su re  a t  each rake p o s i t i o n .  These p o i n t  drag  coe f f i -  
c i e n t s  a r e  then numerically i n t e g r a t e d  ac ross  t h e  model wake, aga in  based on t h e  
t r apezo ida l  method. S p e c i f i c a l l y ,  t h e  p o i n t  drag  c o e f f i c i e n t s  a r e  compared one by 
one t o  a "threshold" value of drag c o e f f i c i e n t  which accounts f o r  a nonzero p res su re  
decrement outs ide  the  model wake. Based on experience from previous t e s t s ,  t h e  
threshold  value w a s  se t  a t  0.0002 f o r  t h i s  test .  I f ,  i n  t he  i n t e g r a t i n g  process ,  t h e  
ind iv idua l  c o e f f i c i e n t  is  g r e a t e r  than o r  equal  t o  t h e  th re sho ld  va lue ,  t h e  weight ing 
f a c t o r  (incremental a r e a )  is  appl ied  and t h e  incremental  drag is  included i n  t h e  
running sum of t h e  t o t a l  drag. I f  t he  ind iv idua l  c o e f f i c i e n t  i s  less than t h e  
threshold ,  t he  weighting f a c t o r  is  s e t  equal  t o  zero  and t h e  incremental  d rag  is  
not  included i n  t h e  running sum of t h e  t o t a l  drag.  The r e s u l t s  of t h i s  i n t e g r a t i o n  
a r e  t o t a l  drag c o e f f i c i e n t s  a t  each of t h e  s i x  momentum rake  tube  l o c a t i o n s .  The 
da ta  reduct ion  program then provides  a c o r r e c t i o n  which s u b t r a c t s  t h a t  summed por t ion  
of  t he  ind iv idua l  incremental  drag c o e f f i c i e n t s  w i th in  the  wake t h a t  i s  a t t r i b u t a b l e  
t o  the  threshold l e v e l .  These co r rec t ed  values  a r e  t h e  ones used f o r  t h e  d i scuss ion  
of a l l  t h e  drag da ta .  
tunnel  cen te r l ine .  

I n  t h i s  r e p o r t ,  a l l  drag  d a t a  p e r t a i n  to  t h e  tube on the  
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D a t a  Quality 

M,,, 

0.60 
.80 

I n  a l l  wind-tunnel t e s t i n g ,  and especially i n  t r anson ic  t e s t i n g ,  t h e  s t e a d i n e s s  
o f  t h e  tunne l  flow condi t ions,  such as Mach number, have d i r e c t  bea r ing  on t h e  qual- 
i t y  of  t h e  f i n a l  aerodynamic da ta .  With t h e  use of i nd iv idua l  p r e s s u r e  t ransducers  
on each of t h e  model p re s su re  o r i f i c e s ,  and with a l l  t h e  model d a t a  being recorded 
a t  t h e  t i m e  o f  t h e  f i r s t  rake s t e p ,  Mach number f l u c t u a t i o n s  i n  t h e  s u r f a c e  p re s su re ,  
normal force,  and pitching-moment d a t a  f o r  any  given p o i n t  are e s s e n t i a l l y  nonexis- 
t e n t .  The p o s s i b i l i t y  o f  Mach number f luc tua t ions  during t h e  t i m e  r equ i r ed  f o r  t h e  
rake t o  complete t h e  survey of  the wake w a s  checked f o r  s e v e r a l  angles  of  a t t a c k  f o r  
a s i n g l e  set  of  t unne l  t es t  condi t ions,  M,,, = 0.60 and 0.80 a t  Rc = 6,  15, and 
40 X l o 6  a t  zero l i f t .  The s tandard deviat ions i n  Mach number UM and i n  Reynolds 
number oR during t h e  wake surveys are given, r e s p e c t i v e l y ,  as fol lows:  

, 
Standard deviat ion i n  Mach number OM 

f o r  Reynolds numbers of  - 
6 X l o 6  15 x l o 6  40 X l o6  

0.0009 0.0006 0.0011 
.0029 .0014 .0014 

6 X l o 6  15 X l o 6  40 X l o6  
0.070 

.099 
0.011 0.012 

.015 I .021 

The tunnel  s idewa l l s  induce a n  error i n  Mach number;  t h e  s lo t ted  t o p  and bottom w a l l s  
can induce an e r r o r  i n  angle  of a t t a c k  and Mach number because o f  t h e  model l i f t  and 
blockage. No c o r r e c t i o n s  f o r  w a l l  e f f e c t s  have been app l i ed  to  t h e  experimental  d a t a  
presented i n  t h i s  report. 

PRESENTATION OF RESULTS 

The r e s u l t s  are presented i n  t h e  following o rde r :  
Figure 

E f f e c t  o f  M, on i n t e g r a t e d  fo rces  .......................................... 10 

E f f e c t  of R, on i n t e g r a t e d  fo rces  .......................................... 11 

E f f e c t  o f  a on chordwise p re s su re  d i s t r ibu t ion : .  
Rc = 6 X l o 6  ............................................................... 1 2  

13 
14 
1 5  
16 

R, = 9 x 106 ............................................................... 
Rc = 1 5  X lo6  .............................................................. 
R, = 30 X l o 6  .............................................................. 
R, = 40 X l o6  .............................................................. 

E f f e c t  of M, on chordwise p re s su re  d i s t r i b u t i o n  ............................ 17 
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DISCUSSION 

The e f f e c t  of Mach number on t h e  i n t e g r a t e d  f o r c e  and moment c o e f f i c i e n t s  i s  
presented i n  f i g u r e  10. Zero l i f t  d i d  n o t  coincide with 0' ang le  of  a t t a c k .  The 
d i f f e r e n c e  may be  a t t r i b u t e d  t o  a misalignment between t h e  s u r f a c e  used t o  set  O o  
angle  of a t tack and t h e  model chord plane,  t o  t h e  d i f f e r e n c e  between t h e  design and 
measured model o r d i n a t e s ,  or to  f l o w  angu la r i ty .  

The e f f e c t  of chord Reynolds number on the i n t e g r a t e d  f o r c e  and moment c o e f f i -  
c i e n t s  is presented i n  f i g u r e  11. 
number on the model normal-force and pitching-moment r e s u l t s .  
n i f i c a n t  e f f e c t  on t h e  drag, e s p e c i a l l y  a t  t h e  lower chord Reynolds number. 

There w a s  only a s m a l l  e f f e c t  of  chord Reynolds 
There w a s  a more s ig -  

The e f f e c t  of  angle  of a t t a c k  on t h e  chordwise p re s su re  d i s t r i b u t i o n s  is  pre- 
s en ted  i n  f igu res  1 2  to  16. The p l o t s  have been arranged so t h a t  corresponding 
p o s i t i v e  and negative normal-force c o e f f i c i e n t s  are s i d e  by s i d e .  The p res su re  d i s -  
t r i b u t i o n s  a r e  c o n s i s t e n t ;  t h a t  i s ,  t h e  upper s u r f a c e  p re s su re  d i s t r i b u t i o n  a t  a 
p o s i t i v e  normal f o r c e  i s  v i r t u a l l y  t h e  s a m e  as t h e  lower s u r f a c e  p re s su re  d i s t r i b u -  
t i o n  a t  t h e  same negat ive normal-force c o e f f i c i e n t .  The e f f e c t  o f  Mach number on t h e  
chordwise pressure d i s t r i b u t i o n  is  presented i n  f i g u r e  17 f o r  near-zero normal-force 
c o e f f i c i e n t .  

The model w a s  inspected af ter  t e s t i n g  w a s  completed. N o  mechanical problems 
such as debonding of t h e  model halves  and warping of  t h e  model s u r f a c e  w e r e  detected.  
This inspection, along with t h e  c o n s i s t e n t  p re s su re  d i s t r i b u t i o n s  descr ibed above, 
demonstrate t h a t  t h e  novel model f a b r i c a t i o n  technique is acceptable for  cryogenic 
wind- tunnel  models. 

CONCLUDING REMARKS 

A wind-tunnel i n v e s t i g a t i o n  of  t h e  NASA SC(2)-0012 a i r f o i l  has  been conducted i n  
t h e  Langley 0.3-Meter Transonic Cryogenic Tunnel. This i n v e s t i g a t i o n  supplements t h e  
NASA/U.S. industry two-dimensional a i r fo i l  s t u d i e s  of t h e  Advanced Technology A i r f o i l  
T e s t  program. This i n v e s t i g a t i o n  w a s  designed t o  demonstrate a novel model fabrica- 
t i o n  technique and to tes t  a NASA advanced technology a i r f o i l  from l o w  t o  f l i g h t -  
equ iva len t  Reynolds numbers. 

Both ob jec t ives  of  t h i s  i n v e s t i g a t i o n  w e r e  m e t .  The r e s u l t s  are presented i n  
g raph ica l  form without co r rec t ions .  

NASA Langley Research Center 
H a p  t on  , VA 2 366 5- 5 2 2 5 
May 1, 1987 
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TABLE I.- DESIGN AND MEASURED A I R F O I L  ORDINATES 

(a) Upper s u r f a c e  (b) Lower s u r f a c e  

x/ c 

0 
.002 
.005 
.010 
.020 
.030 
.040 
.050 
.060 
.080 
-100 
.120 
.140 
.160 
.180 
.200 
.220 
.240 
.260 
.280 
.300 
.320 
.340 
.360 
.380 
.400 
.420 
.440 
.460 
.480 
.500 
.520 
.540 
.560 
.580 
.600 
.620 
.640 
.660 
.680 
.700 
.720 
.740 
.760 
.780 
.a00 
.a20 
.a40 
.860 
.a80 
.goo 
.920 
.940 
.960 
.983 
1.000 

z /c  o r d i n a t e s  for - 

Design 

0 
.00912 
.01392 
-01860 
.02484 
.02916 
.03240 
-03504 
.03732 
-04119 
.04428 
.04680 
.04908 
.05100 
.05268 
.05412 
.05532 
.05640 
.05736 
.05808 
-05880 
.05928 
.05964 
.05988 
.06000 
.06000 
.05988 
.05964 
.05928 
.05880 
-05808 
-05736 
-05640 
.05520 
-05388 
.05232 
.05040 
.04824 
.04584 
.04332 
.04080 
.03828 
.03576 
.03324 
.03072 
.02820 
.02568 
-02316 
.02064 
.01812 
.01560 
.01308 
.01056 
.00804 
.00510 
.00300 

Measured 

0 

-02958 

-03742 

.04915 

.05271 

.05529 

.05865 

.05986 

-05792 

-04052 

.02294 

.00477 

X/C 

0 
.002 
.005 
.010 
* 020 
.030 
-040 
-050 
.060 
.080 
. l o o  
.120 
.140 
-160  
.180 
.200 
.220 
.240 
.260 
.280 
.300 
.320 
.340 
.360 
.380 
.400 
.420 
.440 
.460 
.480 
.500 
.520 
.540 
.560 
.580 
.600 
.620 
.640 
-660  
.680 
.700 
.720 
.140 
.760 
.780 
.800 
.820 
.840 
.860 
.880 
.goo 
* 9 20 
-940  
.960 
.980 
1.000 

z /c  o r d i n a t e s  f o r  - 

Design 

0 
-. 00912 
-.01392 
-. 01860 
- .02484 
-.02916 
-.03240 
-.03504 
- .03732 
-.04119 
-. 04428 
-.04680 
-. 04908 
-. 05100 
-.05268 
-. 05412 
-.05532 
- .05640 
-.05736 
- .05808 
-.05880 
-. 05928 
-. 05964 
-. 05988 
- .06000 
- .06000 
- .05988 
- .05964 
- .05928 
-.05880 
-.05808 
-. 05736 
- -05640 
- .05520 
- .05388 
- .05232 
- .05040 
-. 04824 
- .045a4 
-.04332 
- .04080 
-.03828 
-. 03576 
-. 03324 
- .03072 
-. 02820 
-.02568 
-.02316 
-.02064 
-. 01812 
-.01560 
- .01308 -. 01056 
- -00804 
-.00552 
- .00300 

Measured 

0 

-. 03 793 

- .04945 

-.05570 

-.06029 

-.04093 

-.02338 



TABLE 11.- PRESSURE O R I F I C E  LOCATIONS 

~~ ~ 

-0.8750 
-.7500 
-.5000 

.7500 

.8750 

-0.8750 -. 7500 
-. 5000 

.5000 

.7500 

.8750 

(a)  Upper s u r f a c e  chordwise 
r o w  l o c a t i o n s  

0 
0 
0 
0 
0 

0.0282 
.0282 
.0282 
.0282 
.0282 
.0282 

(b) Lower  s u r f a c e  chordwise 
r o w  l o c a t i o n s  

~ 

O r i f i c e  

1 
3 
4 
7 
8 

10  
11 
1 3  
14 
1 5  
1 7  
18 
19  
20 
2 1  
22 
23 
26 
27 
28 
29 
30 
31 
32 
39 

40 
4 1  
42 
44 
45 

x/c 

0 
.0020 
.0040 
.0250 
.0400 
. loo0  
.1400 
.2200 
.2600 
.3000 
.3800 
.4200 
.4600 
.4800 
.5000 
.5200 
.5400 
.6000 
.6400 
.6800 
-7200 
.7600 
.a000 
.8400 

1.0000 

Y 
b/2 
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